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ABSTRACT OF THE DISCLOSURE

As described herein, a hologram is provided in which
the recorded scene is displayed as having unlimited
depth. This unlimited depth effect is achieved by initially
constructing a model of the scene to be displayed and
reducing and distorting the model in such a way that its
depth dimensions are at most a small multiple of the laser
coherence length. Thereafter, this model is interposed be-
tween a corrected achromatic lens and a concave focal
surface background and laser light is directed thereagainst.
The light reflected by the model and the focal surface is
then imaged onto one side of a thick emulsion photo-
graphic plate through the lens, the other side of the plate
having a reference laser light directed thereagainst.

BACKGROUND OF THE INVENTION

This invention relates to holography and, more particu-
larly, to holographic pictures which give the illusion of
three-dimensional scenes of unlimited depth.

Hitherto the depth of holographic pictures was limited
to the coherence length of laser light, or a small multiple
thereof. In the taking of holograms the photographic
medium is simultaneously illuminated by light coming
from the object, and a reference wave. Holograms can be
taken only if the optical paths, measured from the com-
mon source, of the two waves differ by less than the co-
herence length, otherwise there will be no interference
fringes, but only a more or less blackening of the photo-
graphic medium, which contains no information. The co-
herence length for gas lasers is of the order of one foot,
hence the depth of three-dimensional holograms is usually
limited to about one foot. A small multiple of this has
been achieved by dividing up the scene into a number of
depth regions, each about one foot deep, and recording
these either simultaneously, with a reference beam divided
into several beams of different optical paths, or consecu-
tively, on the same plane, by varying the optical path of
the reference beam between two exposures. It has not
been possible to record spatial scenes which give the im-
pression of unlimited depth.

SUMMARY OF THE INVENTION

In the present invention, unlimited depth is achieved
by interposing between the photographic medium and a
model a suitable optical system increasing the apparent
depth of the model. The optical system may comprise a
plano-concave lens and a biconvex lens. The optical sys-
tem focal surface lies behind the model of the scene to be
ultimately represented. This model is reduced and dis-
torted in such a way that its depth dimensions are at most
a small multiple of the laser coherence length such that,
when viewed through the optical system, the model ap-
pears as a deep spatial scene, with the correct dimensions
and proportions.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawing:

FIG. 1 illustrates the optical arrangement for the re-
cording of deep holograms;

FIG. 2 is an optical system suitable for the realization
of the invention; and
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) FIG. 3 illustrates the scene which the viewer will see
in the hologram, recorded as in FIG. 1.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

In the illustrative embodiment arranged according to
the invention, as shown in FIG. 1, coherent and intense
light having essentially a single wave length generated by
a laser 10 is split into two branches by means of reflec-
ing mirrors 11 and 12. The first branch serves for the il-
lumination of a model 13, shown as reduced and distorted
models of a tree 34 and a house 135, by means of a lens
14 and a further reflecting mirror 15. The second branch
is used as a reference wave and illuminates a thick emul-
sion photographic plate 16 from the back, from a point-

focus formed by a lens 17, It is understood that the photo-’

graphic emulsion must be grainless or very fine-grained,
“thick” to the extent that they are suitable for the taking
of so-called deep or volume holograms for instance a
silver halogen emulsion of the colloidal or Lippmann
type.

The photographic medium 16 views the model 13
through an optical system 18 which is essentially a posi-
tive lens corrected in a certain way to be described later
with a concave background surface 19, the optical sys-
tem being located with its focal surface lying on the sur-
face 19. The surface 19 has an approximately parabolic
curvature conforming to the focal surface of the optical
system, such that points on this surface appear at infinity
when viewed through the optical system 18, just as the
sky and horizon appear at infinity when viewed by the
unaided eye. This is illustrated in FIG. 1 for two points,
one on the axis, the other well outside it, by means of
broken lines. Rays starting from such points are con-
tinued as parallel bundles in the space at the left of the
optical system 18. The surface 19 throws light back, not
as a mirror reflects, but to the extent that stars in the sky,
clouds, or blue sky portrayed thereon give the impression
of images our vision normally detects as being infinitely
removed.

The model 13 is reduced laterally and distorted longi-
tudinally along the optical axis in the same way as the
optical space at the right of the optical system 18 is dis-
torted in relation to the optical space at the left. In this
way, distortion in the optical system 18 may be compen-
sated. Specifically, the aligned points in a tree and a house
are distorted in the models such that they are displaced
equally from the focal surface 19. By Newton’s law a
point at a distance d from the optic focal surface coincid-
ing with surface 19 will appear to be at a distance from
the focal point at the left equal to the square of the focal
length f, divided by 4. In particular, if d is zero, the point
will appear at infinity. In the neighborhood of the surface
19, the depth of the model components 13« and 135 is
strongly reduced, as illustrated in FIG. 1, the depth of
these models being at most a small multiple of the laser
coherence length.

As an example, if the focal length is 20 inches, and the
plate 16 is located as shown, a point 1 inch in front of the
focal surface will appear at a distance of 20x20/1=400
inches from the left focus, about 380 inches from the
center of the optical system or lens, and, assuming a lens
4 inches thick, about 382 inches from the plate 16. A
point 10 inches in front of it will appear at 400/10=40
inches from the left focus, about 20 inches from the lens
center and 22 inches from the plate 16. In a panoramic
picture, it is rather disturbing to have objects nearer than
20 inches from the eye; hence a whole model, which ap-
pears to extend from 20 inches to infinity can be built up
in a depth of only 10 inches. A hologram of this can be
taken with a single exposure of the plate 16 with a red
helium-neon laser light, and then two to three exposures
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of the plate with blue and green lines of an argon-ion
laser. Holograms in natural color, then, may be pro-
duced in this, or any other known manner, such as by
simultaneous exposure of the plate 16 by the lasers just
mentioned.

FIG. 3 shows what the viewer will see when he looks
into the processed hologram, which is now illuminated
by a white point-source 20. The model 13 now appears
greatly enlarged laterally, and even more in depth, by the
rule that the longitudinal magnification is the square of
the lateral magnification. If the model was correctly re-
duced, he will now seen the scene in its natural dimen-
sions.

The dimensions of the model can be precalculated by
the above-mentioned optical rules, for example, accord-
ing to Newton’s law, by displacing those parts of the
model which are to appear coplanar at substantialy equal
distances from the surface 19. More easily perhaps, an
artist can adjust the dimensions correctly by looking at
the model through the optical system 18, and adjusting
them until the dimensions appear correct to him. As the
adjusted model appears to the artist looking through the
lens, so will the reconstructed hologram appear to a
viewer.

For all these applications, it is desirable to have holo-
grams of rather large size, for instance 18x24 inches, and
this requires special lenses, also of large size, of which
an example is shown in FIG. 2.

The optical system 18 for the invention need not be of
the quality of photographic lenses, that is to say it is not
necessary to have stigmatic images of all the points in the
model space, formed with the whole wide bundle of rays
accepted by the lens. The reason is, that any point will be
viewed only with two narrow bundles; those accepted by
the pupils of the two eyes of the viewer, But though
almost any achromatic lens is good enough to satisfy this
criterion, in the case of an uncorrected lens, the viewer
moving in front of the hologram will have the impres-
sion of an unnatural movement of the scene. The optical
system 18 must be therefore sufficiently corrected to re-
duce these apparent movements to 2 minimum or to an
unnoticeable level.

FIG. 2 is an example of a lens which satisfactorily ful-
fills these criteria. For a hologram diagonal of 12 units,
its data are approximately as follows. The lens 21 may
be a plano-concave lens of flint glass having a refractive
index of 1.70, a dispersion of 30 and a radius R; of 15
units. The lens 22 may be a biconvex lens with a front
radius Ry of 18 units. The back radius R; in the center is
12 units, but in order to correct the spherical aberration,
this is an aspherical surface, with a curvature diminishing
toward the periphery as illustrated in broken lines in FIG.
2. This lens may be made of crown glass, refractive index
about 1.52, or, because of its large bulk, preferably of
acrylic resin, refractive index about 1.485, dispersion
about 60. The thickness of the two lenses may be %2 unit
and 4 units. This two-element lens system is corrected for
spherical aberration (conventionally, by satisfying the able
sine condition) coma (as just mentioned) and first-order
achromatism (by the crown glass, flint glass combination
described); it has a power of f:2.7 and can be used for
angles of 30° off-axis, or even wider. It is not and need
not be corected for field curvature. Distorition, as noted
above, is corrected in the model. Astigmatism may be left
uncorrected.

As lenses sufficient to cover holograms of the order of
30 inches diagonal are unavoidably rather expensive, art-
ists and architects can prepare their models with small
diameter lenses with the same optical properties, just
wide enough for two eyes, say 3-4 inches, and take the
models to be photographed to a holographic center which
possesses a large diameter lens.

One application of the invention is a new medium for
artists, transcending the limitations of sculpture, as they
can now operate in an unlimited depth. Another appli-
cation is for architects, Customers often complain that
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the finished buildings appear quite different from what
they looked like when presented to them as small scale-
models. They will now be in a position to present the
buildings as if they were finished. A third application is
to present real or realistic landscapes to the viewer, which
give the illusion of a window opening out into the land-
scape, in natural colors.

Another novel use of the holograms constructed in
accordance with the present invention is the mounting
of such holograms in openings formed in the walls of
an apartment, office or the like, By illuminating the holo-
gram with strong white light a viewer looking through the
hologram will be presented with a picture window show-
ing of a scene .in great depth. In this way, any room can
become a room with a view notwithstanding the location
of the apartment or the office.

The preparation of trees, shrubs and the like for models
is rather laborious, and can be conveniently replaced by
using cut-outs of lenticular three-dimensional pictures
which can be inserted in the model. Lenticular three-
dimensional photographs of the type which can be viewed
at angles of +15° or more from the normal without
showing double views have usually depths of the order
of a few centimeters only, but if these are used in posi-
tions in which the transverse magnification is of the order
10, so that a photograph of a tree appears enlarged to one
meter, the depth is multiplied by a factor of 100, hence
it will be also of the order of one meter. The same pro-
cedure can be applied also for inserting existing buildings
into a model. )

Although the invention has been described herein with
reference to a specific embodiment, many modifications
and variations therein will readily occur to those skilled
in the art. All such variations and modifications are in-
cluded within the intended scope of the invention as de-
fined by the following claims.

I claim:

1. In apparatus for making a hologram adapted to
present to a viewer the illusion of a scene of large depth
from a model of said scene which is of lesser depth and
is depth distorted, the improvement which comprises a
thick emulsion photosensitive member, an optical means
within the focal length of which the model is situated
for passing to said photosensitive member light reflected
from such a model and for compensating for said depth
distortion by increasing the apparent depth of the scene,
and means adapted to direct coherent light against said
object and against said photosensitive member to record
on the latter a hologram of said model without said depth
distortion.

2. Apparatus as defined in claim 1 for making a holo-
gram from a model which is also reduced in size, in which
the optical means also provides means for compensating
for said reduction by increasing the apparent size of scene
component parts.

3. Apparatus as defined in claim 2, wherein the optical
means defines a focal surface and the apparatus further
includes a background surface conforming to and located
at the focal surface behind said model to provide a back-
ground appearing infinitely removed relative to scene com-
ponent parts spaced from the focal surface.

4. Apparatus according to claim 3, wherein said lens
means comprises a lens corrected for spherical aberra-
tion, coma and first-order achromatism.

5. Apparatus according to claim 4, wherein said lens
comprises a plano-concave lens and a biconvex lens, the
forward surface of said bi-convex lens adjacent said plano-
concave lens having a greater radius of curvature than the
back surface thereof facing said model and said focal sur-
face, and the back surface having an aspehrical shape,
with the radius of curvature diminishing toward the
periphery thereof.

6. Apparatus according to claim §, wherein said focal
surface and said background surface have a substantiaily
parabolic curvature.
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7. A method for making a hologram adapted to present
to a viewer the illusion of a scene of large depth compris-
ing the steps of providing within the focal length of opti-
cal correction apparatus a model of the scene which is of
lesser depth, directing coherent light against a thick emul-
sion photosensitive member and against said model where-
by image carrying light is reflected by said model to said
photosensitive member, optically correcting light reflected
from said model to said photosensitive member by increas-
ing the apparent depth of the scene and utilizing said cor-
rected light and said directed coherent light to record a
hologram of said model on said photosensitive member,

8. A method as defined in claim 7 for recording a holo-
gram from a model of a scene which is also reduced in
size in which the step of optically correcting the light re-
flected from said model to said photosensitive member
also includes optically correcting for said size reduction
by increasing the apparent size of scene component parts.

9. A method as defined in claim 8, including the steps
of depth distorting the model and the positioning of a
lens system between said photosensitive member and the
reflecting surface of a concave reflecting surface to opti-
cally compensate for said depth distortion.

10. A method as defined in claim 9 in which the lens
system is corrected for spherical aberration, coma and
first-order achromatism.

11. Apparatus for producing a hologram including
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photosensitive hologram recording means, a model of a
scene to be recorded which is reduced in depth and spac-
ing, means for exposing the recording means and model
to light suitable for producing a holographic recording
of the model in said photosensitive recording means, opti-
cal means within the focal length of which the model is
situated, interposed in the path of light from the model
to the recording means for increasing the apparent depth
of the scene represented by the model and recorded in
the recording means.

12. The apparatus according to claim 11, in which a
background member is located behind the model, the
background member has a surface conforming to and
located at the optic focal surface, and points on the back-
ground member surface appear, viewed through the opti~
cal means, relatively infinitely remote.
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